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Introduction and formulation
The work presented in this paper is a follow on study to that of Stott _z Duck (1994) , where the inviscid stability of the Batchelor (1964) In this paper, we take cylindrical polar coordinates, (L÷, 8, Lx) , with the x-axis lying along the axis of the vortex (which is taken to be axisymmetric), and L is some streamwise scale. We also take the flow far from the vortex centre to be directed along the x-direction.
The velocity field is written as U*u = U* (u, v, w) 
$
We have a flow Mach number given by
where 3' is the ratio of specific heats and R* the gas constant.
The freestream Mach number is given by 
r where q is a measure of swirl, and
It is (6) that we shall be adopting as the basic flow profile for the stability study considered in the main part of this paper.
We also note that the flow Reynolds number is defined by
_t Consider now the stability equations of the general basic state; taking small perturbations, we write (u, v, w, p, T, p 
where 6 << 1 and c = cr + ci is the complex wavespeed. We assume that #*, the first coefficient of viscosity, is solely a function of the temperature T*. In addition we also take the bulk viscosity to be zero. If we now substitute equations(9) and the above assumptions into the full Navier-Stokes equations, and consider only terms of 0(6), we obtain
r Also note that for this study we choose the Prandtl number to be unity and for the purposes of the results presented later the ratio of specific heats is taken to be 1.4, although of course there is no conceptual difficulty in choosing other values.
The boundary conditions are given by 
It is found that the crucial order of the Reynolds number (defined in (8)) is given by 
We then expect F, G, H, P, r, r to take the form
Taking the 0(1) terms in the governing equations (10) leads to 7,(1 + _2r_)F,
On account of (20), a solution only exists if the _"_o7, dFo
where A1 is an undetermined constant.
following equation is satisfied
where 71 = _1 + _(1 +62r02), and then 71 is given by the solution of the following quadratic equation
rg and hence from this we may deduce Cl (since _ol = -_cl). Continuing, by equating terms
__3.
of O([n I g), we have that
where
sign(n)2W_,TM2fL _ 2_2(1 + _2r_)_ _ _o,r 0^3 2 
and therefore
For self-consistency, it turns out that we must have _po(r = 0) = 0, i.e. 
O(n).
This will then certainly also be the case here. We write 1 1
The leading order terms in the momentum and continuity equations then give
At the next order in n, the following results are obtained:
2qn (Po, P1, Go, G1, H0, H1, Fo, r0, P0, Cl) = (P00, Plo, Goo, G10, Ho0, Hlo, Foo, too, roo, c10) +#1 (P01, Pll, Go1, Gll, Hol, Hll, F01, r01, Fol, c11 
After some algebra, the next order equation (in #I ) is given by
Foo -
Too --(7 -l)M2poo ,
We then have, as R --+ 0
Since the solution must be bounded as R --_ 0, we have A40 = A41 = 0. In the limit as R _ o0, we find
4a_'_ 2 \ l_ where = I 1(1-
This solution must be matched to a layer described by f = r]n]½ = 0(1), for which the following solution can be written 
where ro is determined from
Matching asymptotically, and taking the limit In] _ 0% leads to the conclusion (on account of (43) This analysis differs somewhat from that of Stewartson & Brown (1985) , who looked at near neutral centre modes. In their work s was real (and so too, consequently was c10),
and it was necessary to seek higher order terms in order to obtain the imaginary part of cl.
In the following section, we consider some numerical results arising from the analysis of this and the previous section.
Conclusions
In We now turn to consider the effects of viscosity on centre modes. 
